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© Biodegradable container from lactic acid polymers. 



@ A degradable container which is excellent In transparency and impact strength and can be decomposed into 

nontoxic water and carbon dioxide in the natural environment within a relatively short period can be obtained by 

using the process for molding a container of an arbitrary shape from a thermoplastic composition having 

^ polylactic acid of lactic acids or a copolymer of lactic acids and other hydroxycarboxylic acids as a main 

^ component, preforming the composition and thereafter molding the container in a temperature range from Tg to 

Tg + 60 • C on the basis of the glass transition temperature Tg of the thermoplastic polymer composition and 

2f? under the condition of a draw ratio of 6 times or less. 
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BACKGROUND OF THE INVENTION AND RELATED ART 

1. Reld of the Invention 

5 The present invention relates to a degradable container, and particularly relates to the container which 
comprises a thernnoplastic polymer composition, has degradat)ilit>' in the natural environment, and is 
excellent in transparency, and impact strength. 

2. Related Art of the Invention 

10 

Plastic containers have beetx conventionally prepared from polyethylene, polyethylene terephthalate. 
polyvinyl chloride, polypropylene and other resins. 

Although some of these containers prepared from these resins are excellent in transparency, thcf 
containers have a very slow rate of degradation and thus remain semipermanently when discarded at 
15 refuse and buried under the ground. Disposal of these containers in the ocean causes damage of a view or 
destruction of the living environment of marine organisms. 

Containers of a polyhydroxy butyrate/polyhydroxy valerate copolymer have also been developed, and 
these are effective for degradability. However, these containers are insufficient in transparency and has a 
disadvantage that the packed content cannot be identified. 
20 On the other hand, polylactic acids and a copolymer of lactic acid and other hydroxycarboxylic acids 
(generic name of the polylactic acid and the copolymer will hereinafter be referred to simply as a lactic acid 
base polymer) have been developed as thermoplastic polymers having degradability. These polymers, can 
be completely biodegraded within a few months to an year in an animal body. When the polymers are 
placed in soil or sea water, they start to decompose within a few weeks in a moist environment and 
25 disappear within several years. Further, final degradation products of these polymers are lactic acid, carbon 
dioxide and water which are nontoxic to human body. 

No prior art on manufacturing a transparent container with the lactic acid base polymer has known. 
That is. on processing the lactic acid base polymer by usual molding methods such as compression 
molding and injection molding the polymer cannot provide containers having sufficient impact strength for 
30 practical use when intended to obtain transparent containers and causes problem of impairing transparency 
when intended to improve impact strength. Consequently, containers having both transparency and impact 
strength which is satisfactory for practical use have not yet been obtained at all. 

SUMMARY OF THE INVENTION 

35 

An object of the invention is to provide a degradable container which can be degraded in the natural 
environment and has transparency and satisfactory innpact strength for practical use. 

That is, the present invention relates to a degradable container obtained by the process for molding a 
container of an arbitrary shape from a thermoplastic polymer composition having polylactic acid base 
40 polymer as a main component, the process comprising preforming said composition and thereafter molding 
the container in a temperature range of from Tg to Tg + 60 •C on the basis of the glass transition 
temperature Tg of the above polymer composition and under the condition of a draw ratio of 6 times or 
less. 

The present inventors have found that the container thus obtained has light transmittance of 85 % or 
45 more, Impact strength of 10 times or more as compared with conventional containers and no adverse effect 
on the degradation property. Thus, the present invention has been completed. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

50 The present invention relates to a degradable container obtained by the process for molding a container 
of an arbitrary shape from a thermoplastic polymer composition having a lactic acid base polymer as a 
main component, the process comprising preforming said composition and thereafter molding the container 
in a temperature range of from Tg to Tg + 60 • C on the basis of the glass transition temperature Tg of the 
thermoplastic polymer composition and under the condition of a draw ratio of 6 times or less. 

55 The lactic acid base polymer used for the invention is polylactic acid or a copolymer of lactic acids and 
hydroxycarboxylic acids other than lactic acids. The lactic acids used for a raw material of the polylactic 
acid or the copolymer of the present invention is L-lactic acid. D-lactic acid, a mixture thereof or lactide 
which is a cyclic dimmer of the above L-lactic acid, D-lactic acid or a mixture thereof. 
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Hydroxycarboxylic acids other than the lactic acids Include glycolic acid, 3-hydroxybutyric acid, 4- 
hydroxybutyric acid, 4-hydroxyvalerlc acid, 5-hydroxyvalerlc acid, 6-hydroxycaproic acid and a cyclic 
Intermediate of a hydroxycarboxylic acid such as glycollde which Is a dimmer of glycolic acid and < - 
caprolactone which is a cyclic ester of 6-hydroxy caproic acid. 
5 The lactic acid base polymer can be directly prepared by dehydrating polycohdensation of the lactic 
acids or dehydrating copolycondensation of the lactic acid and the above hydroxycarboxylic acids or can be 
prepared by ring opening polymerization of lactide or a cyclic ester Intermediate of hydroxycarboxylic acid, 
for example, glycollde and € -caprolactone. Any of these compounds can be used in the invention. 

When the polymers are directly prepared by dehydrating polycondensation, the lactic acids or the lactic 

10 acids and other hydroxycarboxylic acids raw materials are subjected to azeotropically dehydrating con- 
densation in the presence of an organic solvent, a phenyl ether base solvent in particular. A high molecular 
weight polylactic acid base polymer obtained by the method in which water is removed from the 
azeotropically distilled solvent and the resulting substantially anhydrous solvent is returned to the reaction 
system is particularly suitable for the preparation of degradable containers of the invention. 

75 Molecular weight of the lactic acid base polymer is 10,000 or more. Polymers having high molecular 
weight can be used so long as polymers can be molded. Polymers having a molecular weight of less than 
10,000 provides containers having low-mechanical strength and is unsuitable for practical use. Polymers 
having a molecular weight of 1,000.000 or more can also be used for preparing the degradable container of 
the invention by designing the processing method. 

20 A thermoplastic polymer composition Is prepared by usually blending the lactic acid base polymer with 
a known plasticizer and other various additives. The proportion of the lactic acid base polymer in the 
thermoplastic polymer composition can be determined on the basis of desired degradability. A proportion of 
50 % or more is generally preferred. The thermoplastic polymer composition can be prepared by kneading 
techniques. The composition thus obtained can be in the from of pellet, strand or powder. 

25 Next, the process for preparing the degradable container by using the thermoplastic polymer composi- 
tion of the invention will be illustrated in detail hereinafter. 

In the preparation of the container, the composition is previously formed Into a shape which is preferred 
for molding the degradable container desired.' which-is referred to as preforming. The shape can be a sheet, 
hollow body oca form close to the container desired: The 'preformed composition is shaped to such* extent 

30 that the desired container can be obtained in the ne)<t drawing step. The desired preformed composition- — 

can be obtained with ease by usual prdcessincj methods such as injection molding, extrusion forming and 
compression molding. For example, Injection molding can- be carried out at an injection temperature, that is, 
a cylinder temperature of 180- 300 •C, preferably 190-250 'C, and mold temperature of 10-50 'C, 
preferably 20 - 40 • C to obtain preformed composition. Conditions are about the same as above when 

35 other molding method is used. 

And then, the preformed composition is molded in aiterhperature range of from Tg to Tg + 60 'C on 
the basis of the glass transition temperature Tg of the thermoplastic polymer composition and under a draw 
ratio of 6 times or less. When the above composition does not include plasticizer or other additives, the 
preformed composition is molded in a temperature range of from Tg to Tg + 60 on the basis of the 

40 glass transition temperature Tg of the polylactic acid oV the copolymer of lactic acid and other hydroxycar- 
boxylic acids. ' ' ■ 

Glass transition temperature Tg can be measured with ease by a usual method. Polylactic acid has a 
glass transition temperature Tg of 58-64 • C. Variation is observed in the glass transition temperature of a 
copolymer of lactic acids and other hydroxycarboxylic acids or of a lactic acid base polymer containing 

45 plasticizer and additives. The glass transition ternperature is in the range of 20 - 65 " C . Consequently, 
molding temperature range Is preferably 20- 125 'C. When the molding temperature exceeds 125 'C, the 
molded product impairs transparency. On the other hand, molding cannot be carried out at less than 20 'C. 
The draw ratio is 6 times or less, preferably 2- 4 times and the molded product is monoaxially or biaxially 
oriented. When the draw ratio exceeds 6 times, precision In thickness of the desired container becomes 

50 poor and unfavorable for practical use. Any molding method can be applied so long as the above conditions 
are satisfied. Injection drawn blow molding and extrusion drawn molding can also applied. Preferred 
molding method is drawn blow molding where a preform Is heated to 20 -125 'C, preferably 60 - 90 'C 
and the air is blown Into the preform to form a container. 

Direct blow molding Is outside of the scope of the invention and molding is carried out without 

55 preforming. The lactic acid base polymer has low tension in a molten state and is hence difficult to process 
by direct blow molding. The container obtained by direct injection molding of the lactic acid base polymer 
leads to a problem that the container is unsuitable for practical use because of low impact strength, though 
excellent in transparency. 
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The term "preforming" In the above molding process means that a sheet, nohow article or a shape 
close to the desired container is previously formed with a molding machine and thereafter the final product 
is molded by another molding machine. Additionally, a method for preparing a preform and successively 
molding the final product without removing the preform from the production line is also included in the 
5 scope of the invention, 

The above molding process of the invention has been accomplished by finding out the fact that the 
lactic acid base polymer can be drawn blow-formed at relatively low temperature. The container prepared 
by the process of the invention is excellent in the transparency and additionally characterized in that a 
dominant falling Impact strength can be obtained as an effect of low temperature drawing. 
10 A suitable machine for injection drawn blow molding is, for example, ASB-50 and ASB-250 (T rade Mark 
of Nissel ASB Machine Co.). A suitable machine for extrusion drawn blow molding is, for example. BMO-2 
(Trade Mark of Bekum Maschinen Fabriken GmbH. ). 

Molding conditions in order to provide excellent transparency and impact strength for the container 
prepared by drawn blow molding of the lactic acid base polymer in the invention are suiteU)ly determined by 
75 sort of a molding machine and kind of the lactic acid base polymer which are used for the molding. 

Typical examples are illustrated below. 

Injection drawn blow molding 

20 

Preforming : Injection temperature 190 - 250 

Mold temperature 20 - 40 ^ 

^ Molding cycle 55 sec 

Molding : Blow molding temperature 50 * 80 ''C 
Biaxial draw rat io 

longitudinal 1.2- 3.5 times 

transverse 1.2^ 6.0, times . 

35 Blow air pressure 4 " 20 Kg/cm^ 



Extrusion drawn blow molding * • 

40 ' ' : 

Preforming : Extrusion temperature 190 - 250 "C 

Molding : Blow molding temperature 50 80 ''C 
^ Biaxial draw ratio . 

longitudinal 1.2 - 3.5 times 

transverse ' 1.2 - 6.0 limes 

50 



Blow air pressure 



4-20 Kg/cm* 



55 
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The present invention will hereinafter be illustrated- in detail by way of examples and comparative 
examples. 

PREPARATION EXAMPLE 1 

5 

In. a 100 L reaction vessel equipped with a Dean-Stark trap, 10.0 Kg of 90 % L-lactIc acid was heated 
with stirring for 3 hours at 150*C/50 mmHg while distilling off .water. And then, 6r 2 g of tin powder was 
added and the reaction mixture was further, stirred for 2 hours at 150 'C/30 mmHg to obtain an oligomer. 
To the oligomer, 28.8 g tin powder and 21.1 Kg of diphenyl ether were added and an azeotropic 

70 dehydration reaction was carried out at 150 *C/30 mmHg, Water and the solvent which were distilled out 
were separated in a water separator and the solvent alone was returned to the reaction vessel. After 
reacting for 2 hours, the returning solvent was changed to pass through a column packed with 4.6 Kg of 
molecular sieve 3A in order to dry the solvent prior to enter into the reactor, and the reaction was further 
carried out for 40 hours at 150 *C/30 mmHg to obtain a solution of polylactic acid having an average 

75 molecular weight of 1 10, 000. 

To the solution. 44 Kg of dehydrated diphenyl ether was added and cooled to 40 "C. Precipitated 
crystals were filtered, washed 3 times with 10 kg of n-hexane and dried at 60 '0/50 mmHg. To the crystals 
obtained. 12 Kg of 0.5 N hydrochloric acid and 12.0 kg of ethanol were added, stirred for an hour at 35*C 
and filtered. Precipitated powder was filtered and dried at 60 'C/SO mmHg to obtain 6.1 Kg (85 % yield) of 

20 polylactic acid powder. The polymer had an average molecular weight of 110, 000 and Tg of 59 'C. 
Pellets of L-lactic acid polymer was prepared by melting the powder in an extruder. 

PREPARATION EXAMPLE 2 

25 Hereinafter, unit of weight Is weight parts. 

The same procedures as described in Preparation Example 1 were carried out except that 10.0 kg of L- 
lactic acid were replaced by 100 parts of DL-lactic acid. The pellets of DL-lactic acid polymer thus obtained 
had an average molecular weight of 100, 000 and Tg of 51 'C. 

30~ f=^REPARATION'EXAMPLE 3 - - - — - 

The same procedures as described in Preparation Example 1 were carried out except that 10.0 kg of L- 
lactic acid were replaced by 80 parts of L-lactic acid and 20 parts of D-lactic acid to obtain pellets of 
polylactic acid. Results are illustrated in Table 2. 

35 

PREPARATION EXAMPLE 4 

The same procedures as described In Preparation Example 1 were carried out except that 10.0 kg of L- 
lactic acid were replaced by 80 parts of L-lactic acid and 20 parts of glycolide to obtain pellets of 
40 copolymers of L-lactic acid and hydroxycarboxylic acid. Results are illustrated in Table 2. 

Containers illustrated in the following examples were prepared from the polymers obtained in Prepara- 
tion Examples 1-4. 

EXAMPLE 1-3 

45 

The L-lactic acid polymer obtained in Preparation Example 1 and the DL-lactic acid polymer obtained in 
Preparation Example 2 were blended in proportions illustrated in Table 1 and preforms (bottomed parisons) 
were prepared with an injection molding machine at an injection temperature of 190 - 220 and mold 
temperature of 35 ° C. Tg' s of the thermoplastic polymer composition of preforms thus obtained were 54 
50 in Ex 1, 53 in Ex 2 and 53 in Ex 3, respectively. 

Injection drawn blow molding was carried out by using these preforms to obtain containers having an 
internal volume of 500 ml and weight of 30 g. Blow molding was conducted at 80 • C with a longitudinal 
draw ratio of twofold and transverse draw ratio of twofold. The drawn blow molding temperature 80 • C was 
in the range of Tg and Tg + 60 'C, respectively. 

55 
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EXAMPLE 4 

76 parts of the L-lactIc acid polymer obtained in Preparation Example 1. 19 parts of the DL- lactic acid 
polymer obtained in Preparation Example 2 and 5 parts of glycerine triacetate as a plasticizer were blended 
and preforms (bottomed parisons) were prepared with an injection molding machine at an Injection 
temperature of 180-210 'C and mold temperature of 25 •C. Tg of the themioplastic polymer composition 
of the preforms thus obtained was 30 • C. - * 

Injection drawn blow molding was carried out by using the preforms to obtain containers having an 
internal volume of 500 ml and weight of 30 g. The same procedures as described in Example 1 were 
carried out except that blow molding was conducted at 70 • C. The drawn blow molding temperature 70 • C 
was in the range of Tg and Tg + 60 • C. 

COMPARATIVE EXAMPLE 1 

Injection drawn blow molding was conducted by using the preform obtained In Example 1. The same 
procedures as described in Example 1 were carried out to obtain a container except that drawing was 
conducted at 130 • C which is a temperature exceeding Tg + 60 • C. 

COMPARATIVE EXAMPLE 2 

Injection drawn blow molding of the preform obtained in Example 1 was carried out to obtain a 
container by the same procedures as descriljed in Example 1 except that the draw ratio was changed to 
twofold in the longitudinal direction and 7 times in the transverse direction. 

COMPARATIVE EXAMPLE 3 - 4 

The lactic acid base polymer used in Example 1 was directly molded into a container without 
preforming. Results of direct blow molding and direct injection molding are illustrated in Comparative 
Example 3 and Comparative Example 4 respectively. 

COMPARATIVE EXAMPLE 5 

A container was obtained by carrying out the same procedures as described in Example 1 except that 
the lactic acid base polymer was replaced by a copolymer of hydroxybutyrate and hydroxyvalerate. 

COMPARATIVE EXAMPLE 6 

A container was obtained by carrying out the same procedures as described in Example 1 except that 
the lactic acid base polymer was replaced by polypropylene. 

Physical properties were evaluated by the following methods on the containers obtained in Example 1 - 
5 and Comparative Example 1 - 6. 
Results are illustrated in Table 1. 
® Light transmittance : 

In accordance with ASTM D-1746. 
® Drop impact test : 

To a container having an internal volume of 500 ml and an weight of 30 g. 400 ml of water was 
packed and repeatedly dropped onto a concrete floor from a height of 1. 2 m at an environmental 
temperature of 20 • C. Numbers of dropping were counted until the container was broken. Dropping was 
repeated 10 times and no breakage Is indicated by ® . 
(§) Degradation test in soil : 

A degradation test was conducted by burying the containers in soil at 35'C under a moisture 
content of 30 % for 2 months. 
Degradability was evaluated by change of appearance by an external force and a rate of weight loss. 
As seen in Table 1 . the containers obtained in the invention had excellent light transmittance and falling 
Impact strength and also good degradability in soil. 
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EXAMPLE 5 

A container was obtained by carrying out the same procedures as described in Example 1 except that 
the polylactic acid of L-lactic acid and D-lactic acid obtained in Preparation Examples 3 was used. Physical 
5 properties of the container was measured and the result is illustrated in Table 2. . 

EXAMPLE 6 

A container was obtained by carrying out the same procedures as described in Example 1 except that 
10 the copolymer of L-lactic acid and glycolide obtained in Preparation Examples 4 was used. Physical 
properties of the container was measured and the result is illustrated In Table 2. 

These examples are not intended to limit the scope of the present invention. This may be practiced or 
embodied in still other ways without departing from the spirit or essential character thereof. 

75 
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45 

Claims 

1. A degradable container obtained by the process for molding a container of an arbitrary shape from a 
50 thermoplastic polymer composition comprising a polymer of a lactic acid or a copolymer of a lactic 

acid and another hydroxycarboxylic acid as a main component, the process comprising preforming said 
thermoplastic polymer composition and thereafter molding the container in a temperature range of from 
Tg to Tg + 60 'C (wherein Tg Is the glass transition temperature of said thermoplastic polymer 
composition) and at a draw ratio of 6 times or less. 

55 

2. The degradable container of claim 1 wherein the lactic acid is lactic acid or lactide which is a dimer of 
said lactic acid. 
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3. The degradable container of claim 1 wherein the lactic acid is L-lactic acid, D-lactic acid or a mixture 
thereof. 

4. The degradable container of any of the claims 1 to 3, wherein the other hydroxycarboxylic acid Is 
5 glycolic acid. 

5. The degradable container of any of the claims 1 to 4. wherein said draw ratio is from 2 to 4 times. 
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